OBJECTIVE: This study compared fat oxidation rates during an acute bout of cycle ergometry exercise (E) typical of progressive fat oxidation in healthy, but sedentary, women of different obesity histories. DESIGN: Five never-obese (NO) (mean age 25 AE 3 (s.e.)y, mean body fat 25.0 AE 2.8 (s.e.)%), ®ve obese (O) (26 AE 3 y, 44.4 AE 1.7%), and ®ve post-obese (PO) (22 AE 1 y, 32.2 AE 3.0%) women cycled for 60 min at 60 ± 65% peak VO 2 . To identify the speci®c effects of E, a control trial consisting of 60 min of seated rest (R) was also performed. E and R trials were counterbalanced one month apart in the follicular phase and conducted following a 3 d normalized, eucaloric diet. MEASUREMENTS: Dual energy X-ray absorptiometry (DEXA) was used to determine body composition, and all were weight stable for at least eight weeks prior to experimentation. During both trials breath by breath measurements of VO 2 and RER were used to determine substrate oxidation and energy expenditure. Blood samples were collected for hormone and metabolite analysis before, and every 15 min during exercise or rest. RESULTS: All three groups showed a similar and progressive shift toward fat oxidation as exercise progressed. No group differences were observed for E energy expenditure or fat oxidation. Glycerol (P`0.0001) and free fatty acids (P`0.0001) increased similarly in all three groups, but PO maintained the highest free fatty acid level during exercise (group effect; P`0.01). E and R decreased (P`0.001 for both) insulin levels across groups, with lowest levels noted in PO and highest in O. Plasma epinephrine (P`0.0001) and norepinephrine (P`0.001) increased similarly during E in all three groups. Plasma growth hormone (GH) levels rose (P`0.05) during E, with a pronounced increase observed in PO. CONCLUSION: We conclude that exercise of equal relative intensity elicited similar fat oxidation rates among NO, O, and PO women, despite group differences in free fatty acid availability. The PO women's persistently lower insulin and higher plasma GH levels may have enhanced free fatty acid availability.
Introduction
Obesity increases the risk of early mortality and morbidity from heart disease, diabetes, hypertension, hypercholesteremia, and cancer. 1 Because the rate of obesity, and therefore the incidence of chronic disease, is rapidly increasing among female Americans, 2 an understanding of their metabolic pathophysiology is paramount to successful treatment. It is well established that, due to a larger fat free mass, obese females expend more energy 3 and oxidize more fat 4, 5 at rest when compared to lean matched controls. However, resting energy expenditure for formerly obese women has been reported to be less than, 6 equal to, 7, 8 and even greater than 9 never-obese women. Despite these resting metabolic rate discrepancies, differential substrate utilization has been observed among women predisposed to obesity. Opposed to never-obese women, post-obese women showed decrements in post-prandial and 24-h fat oxidation 10, 11 relative to exogenous fat availability. Indicative of preferential carbohydrate oxidation, a high resting respiratory quotient (RQ) has been correlated with weight gain in post-obese women 12 and in those with a familial history of obesity. 5, 13 High adipose tissue lipoprotein lipase activity, 14 ,15 a greater anti-lipolytic insulin action, 16 a suppressed sympathetic nervous system 17, 18 and small, but persistent reductions in skeletal muscle fatty acid oxidation 19 have been implicated as mechanisms which promote fat storage over oxidation in obesity-prone individuals.
Exercise which induces a negative energy andaor fat balance is often prescribed as part of a weight loss program. Bouts of sustained, moderate intensity exercise progressively increase lipolysis and fat oxidation; however, whether these two processes occur at equal rates in post-obese women remains unclear. While dePeuter et al 7 reported no signi®cant differences in exercise RQ values between post-obese and non-obese women, it is questionable whether the intensity and duration of the exercise bout (which were not prescribed relative to the subject's ®tness level), elicited a signi®cant metabolic response. Furthermore, no information concerning fatty acid availability was reported. In contrast, Kanaley et al 20 reported that despite signi®cantly higher free fatty acid levels, postobese women oxidized the same amount of fat as never-obese controls during 2.5 h of cycling at 45% peak VO 2 . It is possible that the similarities in fat oxidation between the two groups were a function of the reported weight instability among the post-obese subjects. The purpose of this study was to determine whether weight-stable post-obese women, when compared to matched never-obese controls, would show decreased fat oxidation during an acute bout of moderate intensity exercise. Because obesity represents manifestation of potential substrate oxidation abnormalities, weight stable obese women were also studied.
Methods

Subject selection
Five never-obese (NO), ®ve obese (O) and ®ve postobese (PO) females were studied. All were pre-menopausal, sedentary, non-smokers and between 20 and 45 y of age. Obesity was de®ned as having a body mass index of b29 (120% of desirable body weight) and a body fat level of b30%. Post-obese subjects were de®ned as having experienced a weight loss from caloric restriction of at least 9 kg, having a familial history of obesity (at least one obese ®rst degree relative) and having been weight stable ( AE 2 kg) for at least 8 weeks prior to participation, with a BMI`27. Long-term weight stability was determined from self-report, while in the short-term, weight stability was documented by determining body weight at each of three screening visits prior to enrollment into the study. Each screening visit was separated by approximately one week. Originally body fat percentage requirements for the PO group were set at`30%. However, due to the problems encountered while recruiting PO women who had lost and maintained their weight loss under sedentary conditions, concessions were made for those women who had lost a substantial amount of weight, but were still considered obese by body fat standards. NO controls were de®ned as having a BMI of`27. During the recruitment phase it became evident that women de®ned as never-obese by BMI standards were often borderline for body fat standards. This discrepancy was most likely a function of the sedentary requirment, that is, non-exercising NO women tended to have more body fat. Therefore, while an effort was made to recruit NO women with a body fat level 30%, provided their BMI did not exceed 27, allowances were made for NO women with body fat levels slightly above 30%. NO controls and PO subjects were matched for BMI and ®tness level as closely as possible.
Before entry into the study, each subject's health status was assessed by medical history, physical examination, resting 12 lead electrocardiogram, routine blood chemistries and urinalysis. A graded exercise test with electrocardiographic monitoring was performed on a cycle ergometer. The workload was initially set at 25 W and subsequently increased by 25 W every 2 min for the ®rst 6 min. Thereafter, the workload was increased 25 W every minute until exhaustion. Oxygen consumption (VO 2 ) was continuously measured throughout the test for determination of peak VO 2 . The following criteria were used for establishment of maximal effort: heart rate within 10 beats of age predicted maximum heart rate and a respiratory exchange ratio (RER) greater than 1.0. The highest 20 s average VO 2 during the last 90 seconds of a test was de®ned as the peak VO 2 . Exclusion criteria included regular (scheduled), vigorous aerobic activity (b20 minaweek), unstable body weight in the previous three months, loss of menses, oral contraceptive use, cigarette smoking, hypertension, hyperlipidemia, diabetes, and other signi®cant metabolic or endocrine disorders. This study was approved by the Human Subjects Review Boards of Louisiana State University and the Pennington Biomedical Research Center. After the purpose and procedures were described, each subject gave written consent to participate.
Body composition analysis
All body composition measurements were completed as part of the initial screening process. Body fat was determined from dual energy X-ray absorptiometry measurements (DEXA QDR 2000, Hologic Inc., Waltham, MA). Body mass index (BMI) was expressed as weight divided by height squared (kgam 2 ).
Experimental design
A 3-d food record completed during the screening process was analyzed with Moore's Extended Nutrient (MENu) database to determine typical energy intake. In order to decrease any potential experimental artifact related to individual differences in energy balance and diet composition on the days leading up to the experiment, subjects followed assigned daily menus, representative of a mixed (percentage of kcals equaling 55% carbohydrate, 30% fat, 15% protein), eucaloric diet as developed and distributed by a registered dietitian. Energy requirements were estimated from the Harris-Benedict equation and from the 3-d diet records. While food items were not provided, subjects were instructed to purchase and consume the foods listed on the menus starting three days prior to an experimental trial. Deviations from the provided menus were noted and subjects checked off each food item consumed. A dietician veri®ed adherence to the prescribed menus on the day of the experiment.
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(1) Exercise trial. After an overnight fast, subjects reported to the laboratory at 8:00 am. A 384 kcal breakfast consisting of juice, milk, cereal, and a breakfast bar was served and completed by 0900 h. The macronutrient composition of this meal was 29% fat, 14% protein and 57% carbohydrate. At 10:00 am, subjects were placed in a supine position for Te¯on catheter insertion into a forearm vein. The catheter was used for blood sampling and was maintained patent with a drip of sterile saline. Subjects were then seated in a chair next to the bicycle and the ®rst blood sample was taken 30 min after catheter insertion. Moderate intensity exercise began 60 min after catheter insertion on a stationary bicycle ergometer (Lode, Groningen, The Netherlands). Subjects cycled for 1 h at 60 ± 65% of predetermined peak VO 2 . During exercise, blood samples were drawn every 15 min ( % 17 ml per sample), and breath by breath measurements of VO 2 and RER were made at 20 and 50 min of exercise using a mouthpiece, noseclips and a SensorMedics metabolic cart (Vmas Series 29, Yorba Linda, CA). Measurements of RER and VO 2 were used to calculate energy expenditure and substrate oxidation rates using the table of Zuntz which assumes a non-protein RER. 21 Absolute energy expenditure and substrate oxidation were calculated (rateÂtime) for each half-hour (using the 20 and 50 min expiratory gas measurements, respectively) of exercise and then summed to establish total exercise energy expenditure and substrate oxidation. Heart rate was monitored continuously throughout exercise using a heart rate monitor (Vantage AL, Polar Electronics, Port Washington, NY). The subjects were cooled with a fan during exercise, and were given 200 ml of tap water to drink at 30 and 45 min of exercise. After exercise, subjects were placed in a chair next to the cycle ergometer where they rested quietly for 1-hour. Blood samples were drawn at 10, 30 and 60 min post-exercise. These samples were prepared and analyzed for plasma glycerol and FFA (see below). A post-exercise measurement of VO 2 and RER was made at 50 min of recovery.
(2) Control (resting) trial. The experiment, including blood sampling, energy expenditure and substrate oxidation determinations, and heart rate measurements proceeded exactly as described for the exercise trial, except that subjects sat quietly on the bicycle ergometer without pedaling during the`exercise' period. Many of the subjects read quietly during this time.
Within each group subjects served as their own control, and the order of the trials was randomized one month apart. Subjects were instructed to keep daily habits and activities constant during the period separating the two experimental trials. Testing for both the control and experimental trial was conducted in the mid-follicular (days 6 ± 11) phase of the menstrual cycle.
Blood analysis
Blood glucose and lactate were measured on a CibaCorning Blood Gas and Critical Analyte System (Series 860) equipped with a CO-oximeter module. Blood for glycerol and free fatty acid determination was collected in heparinized tubes and placed immediately on ice to prevent in vitro hydrolysis of triglycerides, and analysis was made on a Beckman Synchron CX5 automated chemistry analyzer. Serum insulin levels were determined by microparticle enzyme immunoassay (Abbott Laboratories, Tokyo, Japan). A chemiluminescence immunometric assay (Nichols Institute Diagnostics, San Juan Capistrano, CA) was utilized to measure serum growth hormone levels. Plasma epinephrine and norepinephrine were determined by HPLC with electrochemical detection (Bio-Rad Laboratories, Hercules, CA).
Statistical analysis
Data are presented as mean AE s.e. A repeated measures two-way analysis of variance (ANOVA), with group and time as factors, was used to analyze dependent variables from the exercise and control trials. A one-way ANOVA was used to test for group differences in anthropometric measures and for energy expenditure and substrate oxidation. A Tukey test was used for post-hoc analysis. Statistical signi®cance was set at P 0.05.
Results
Subject population
Obese women weighed more than NO (P`0.01) and PO (P`0.05). Likewise obese women had a greater BMI and percent body fat by DEXA when compared to NO (P`0.01) and PO (P`0.05). Differences in body composition were not detected between NO and PO. All subjects were equally matched for ®tness level as no signi®cant differences in peak VO 2 were observed among the three groups. Data for these physical characteristics can be found in Table 1 .
Exerciseacontrol trial responses
Exercise intensity was not different across groups averaging 58 AE 2.3% of VO 2 peak for NO, 62 AE 2.4% for O, and 65 AE 4.8% for PO. Likewise, Obesity and substrate oxidation during exercise DM Ezell et al group differences for exercise energy expenditure were not observed (NO 273.5AE 39.1 kcala60 min, O 304.7AE 23.8 kcala60 min, and PO 343.9AE 27.5 kcala60 min). From baseline to 20 min of exercise, RER increased equally in all three groups. By 50 min of exercise RER declined toward baseline levels indicating a progressive shift toward fat oxidation as exercise progressed (Figure 1 ). Absolute fat oxidation for the entire exercise period was not different between groups averaging 11.2 AE 2.6 g, 9.5 AE 2.1 g, and 12.4 AE 1.6 g for NO, O and PO, respectively. Further when absolute exercise fat oxidation was expressed relative to body weight or lean body mass group differences were not observed (data not shown). Obese women had a higher resting energy expenditure during the control trial when compared to NO (P`0.01) or PO (P`0.05). However, resting fat oxidation was not different between groups averaging 1.63 AE 0.51, 2.38AE 0.31, and 1.99 AE 0.30 ga60 min for NO, O, and PO, respectively. Figures 2A and 2B show the magnitude of change from rest through exercise in plasma glycerol and free fatty acid. Glycerol and free fatty acid levels increased signi®cantly during exercise in all three groups (both P`0.0001). Group differences for free fatty acid (P`0.01) were also observed, with the PO maintaining the highest free fatty acid level, particularly late in exercise. Group differences for glycerol during exercise approached signi®cance (P 0.093). The control (resting) trial plasma glycerol and free fatty acid Based on heaviest weight prior to commencing study, as reported by post-obese subjects. Signi®cant by ANOVA: Group effect, *P`0.01; **P`0.0001. Figure 1 Respiratory exchange ratio (RER) at rest (before exercise), during 1 h of moderate intensity exercise, and during 1 h of postexercise recovery in NO, O, and PO women. In all three groups RER increased within the ®rst 20 min of exercise. Thereafter, RER declined reaching its lowest level during the 1 h recovery period (time effect; P`0.0001).
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A signi®cant reduction in plasma insulin over time in both the exercise (P`0.0001) and control (P`0.01) trial conditions was observed for all three groups, with exercise inducing a rapid and substantial drop in plasma insulin. Exercise and control trial insulin levels were signi®cantly different among groups (exercise, P`0.01; control, P`0.001), with the PO group exhibiting the lowest and the O group exhibiting the highest insulin levels ( Table 3) . As expected, blood lactate increased (P`0.0001) with the onset of exercise, reaching its highest level in the ®rst 15 min in all three groups and thereafter declining to approximately twice the resting level by 55 min of exercise (Figure 3a) . NO women maintained the highest blood lactate throughout exercise (group effect; P`0.01). Interesting, there were both time (P 0.05) and group effects (P`0.01) for blood lactate during the resting control trial. Blood lactate declined over time in all three groups, but NO maintained a higher level of lactate throughout rest.
Plasma epinephrine (P`0.0001) and norepinephrine (P 0.0001) levels increased similarly during exercise in all three groups (Table 4) . During the control trial, a small but signi®cant rise in plasma epinephrine (Table 4 , P`0.05) but not norepinephrine over time was observed for the three groups. Modest group differences for epinephrine (Table 4 , P`0.05) and norepinephrine (Table 4 , P`0.05) were also detected during the control trial. In general, the data showed that NO women maintained lower norepinephrine but the highest epinephrine levels during rest.
Serum growth hormone levels increased (P`0.05) during exercise, with a profound increase observed in the PO group. Figure 4A shows that at 30 min of exercise, the plasma growth hormone level was nearly 3-fold greater in the PO compared to the O and NO subjects. Moreover, the 30 min growth hormone level in the PO group represented a 6-fold increase from the baseline level. The higher growth hormone levels during exercise in the PO subjects accounted for the main group effect (P`0.001), however, no group by time interaction was detected (P 0.251). Further noted in Figure 4A , PO growth Figure 2 The change over time for plasma glycerol (A: P`0.001), and free fatty acid (B; P`0.0001) from baseline through 60 min of exercise in NO, O, and PO women. A signi®cant group effect was noted for free fatty acids (P`0.01) while that for glycerol approached (P 0.093) signi®cance. Figure 4B ).
Post-exercise recovery
Obese women maintained a higher resting energy expenditure during the post-exercise recovery period (P`0.05). However, exercise did not increase resting energy expenditure during recovery in any of the three groups. RER reached its lowest level during the postexercise recovery period (Figure 1 ). Accordingly, fat oxidation was greater in the post-exercise vs control period, but as was observed during exercise absolute fat oxidation during recovery was not different among groups (NO 2.85AE 0.69 ga60 min, 0 4.19 AE 0.38 ga60 min, and PO 3.72AE 0.50 ga60 min). From 55 min of exercise to the ®rst 10 minutes of recovery plasma free fatty acids increased in all three groups ( Figure 5 ). Thereafter, FFA declined approaching baseline levels. Throughout recovery NO maintained the highest plasma FFA level (P`0.05).
Discussion
We found that whole body fat oxidation rates in NO, O, and PO women were similar during 60 min of cycle ergometry exercise at 60 ± 65% VO 2 peak. Further, all three groups showed a similar increase in fat oxidation rate as exercise progressed. Whereas sedentary fat oxidation rates have been shown to be low in formerly obese women, 15 our data indicate that in response to moderate intensity exercise, fat oxidation is suf®-ciently increased regardless of whether the women were currently obese (O) or in a weight stable postobese state (PO). This points to the usefulness of exercise in the management of obesity, particularly Data are mean AE s.e. Units for glucose are mgadl, for insulin mUaml.
There was no effect of exercise or rest on blood glucose levels. Plasma insulin declined over time during both exercise (*time effect; P`0.0001) and rest (***time effect; P`0.01). Post-obese women maintained the lowest insulin levels during exercise (**group effect; P`0.01) and at rest (****group effect; P`0.001). Figure 3 The change over time for lactate (P`0.0001) from baseline through 60 min of exercise in NO, O, and PO women (A). There were main effects for both time (P`0.05) and group (P`0.01) during the resting control trial (B).
Obesity and substrate oxidation during exercise DM Ezell et al since a positive fat balance is strongly related to weight gain or regain. 4, 22 Modest group differences in exercise fat oxidation might be expected. Given our small sample size, the likelihood of committing a type II error is high. While statistical power may not be robust, this study still makes an important contribution to the obesity literature. In particular, in a small yet meticulously selected population of never-obese, obese, and post-obese women we have replicated the observation that PO women exhibit a disparity between circulating fat availability and oxidation during an acute bout of exercise. Further, we describe a possible, and more importantly, novel mechanism for the discrepancy between circulating free fatty acid availability and fat oxidation during acute exercise in PO women. Lastly, the total metabolic impact of exercise was approximated as we measured fat availability and oxidation not only during exercise but also during a 1-h post-exercise recovery period. Speci®c discussion of these points follows.
Comparable rates of fat oxidation between NO, O, and PO women were observed despite group differences in free fatty acid levels during exercise. While it appeared that PO women maintained the highest free fatty aid levels during exercise, lack of statistical interaction prevents us from concluding PO women had a higher incremental free fatty acid response to exercise. Nonetheless, our data are suggestive of a disparity between plasma free fatty acid availability and oxidation during exercise in PO women, and agree favorably with those of Ranneries et al 23 who showed that exercise induced fat oxidation in formerly Figure 4 The change over time for growth hormone during (A) the exercise trial (time effect, P`0.05, group effect, P`0.01), and (B) the control trial in NO, O, and PO women.
Obesity and substrate oxidation during exercise DM Ezell et al obese women was subnormal for their higher circulating free fatty acid levels. Previous studies have shown that exercise induced increments in plasma free fatty acids and glycerol are greater following periods of weight loss. 20, 24 On the other hand, exercise induced fat oxidation remains fairly constant despite a declining body weight. For example, Kanaley et al 20 showed that weight loss in premenopausal lower body obese women increased plasma free fatty acid availability by 50% without a signi®cant change in whole body fat oxidation rate during low intensity exercise (45% max VO 2 ). However, in these earlier studies 20, 24 weight loss was continuing to occur at the time of the post intervention exercise test. Therefore, it is possible that the ongoing energy de®cit rather than fat loss per se mediated the free fatty acid availability and oxidation responses to low intensity exercise. Our results extend these observations and show that weight stable (for at least 8 weeks) PO women likely maintain elevated free fatty acid levels during acute exercise. Further, a disparity between fat availability and fat oxidation in PO women occurs at an exercise intensity optimal (that is, 60% VO 2 peak) for fat oxidation. 25 Unusually high free fatty acid levels during acute exercise could also be related to accelerated mobilization of fat. Of interest is the high incremental growth hormone response during exercise in PO women. While the lipolytic effects of growth hormone are still debated, recent data suggest that recombinant human growth hormone administration to growth hormone de®cient adults increases the in vitro lipolytic response of isolated adipocytes to epinephrine. 26 While epinephrine and norepinephrine levels in all three groups were quantitatively similar during exercise, it is possible that because of the growth hormone response, PO women were more sensitive to the lipolytic effects of catecholamines, giving rise to high free fatty acid and a trend for elevated glycerol levels.
This issue of sensitivity to catecholamine induced lipolysis in the post-obese state is uncertain. For example, Tremblay et al 27 showed that in vitro epinephrine stimulated lipolysis of fat cells obtained from male post-obese runners was similar to that of weight matched sedentary controls and lower than that observed in never-obese runners. Thus, lipolytic sensitivity to catecholamines was low in post-obese men despite chronic and repeated exposure to exercise. Important differences between our study and that of Tremblay exist. First, we studied women who had achieved weight loss exclusively through caloric restriction. They maintained a sedentary lifestyle following weight loss and were studied during a single bout of unaccustomed exercise. We did not directly measure lipolytic response of fat cells to catecholamines. Thus, we can only infer that high levels of growth hormone, as the literature suggests, 26 sensitized post-obese women to catecholamine induced lipolysis during acute exercise, and this resulted in the high level of circulating FFA. Given the preliminary nature of this observation, future Figure 5 Change in plasma free fatty acid starting at 55 min of exercise and continuing throughout 1 hr of post-exercise recovery. Plasma free fatty acid peaked at 10 min of recovery and then subsequently declined in all three groups (time effect; P`0.01). Post-obese women maintained the highest plasma free fatty acid level throughout recovery (group effect; P`0.01).
Obesity and substrate oxidation during exercise DM Ezell et al studies concerning obesity should consider the role of growth hormone in both metabolic and adaptive responses to exercise and weight loss. Insulin levels during exercise were lowest in PO. A greater suppression of insulin's antilipolytic effects may have also contributed to the high free fatty acid and glycerol levels observed during exercise in PO women. It is known that resting energy expenditure is elevated following acute exercise 28, 29 and this has been shown to persist for as long as 18 h following an exercise bout. 28 Furthermore, fat oxidation during post-exercise recovery is enhanced and this occurs whether subjects are fed or fasted. 29 In order to better approximate the total metabolic impact of exercise, we measured energy expenditure, substrate oxidation and plasma levels of glycerol and FFA during a 1-h post-exercise recovery period. During recovery NO, O, and PO exhibited similar rates of fat oxidation; thus, total fat oxidation (exercise recovery) was not different between groups. However, PO continued to maintain higher FFA throughout recovery further emphasizing that in response to acute exercise, sedentary post-obese women have a disparity between circulating fat availability and oxidation.
The resting control trial allowed us to determine whether hormonal andaor blood metabolite changes over time were either exaggerated by, or the result of exercise, and to determine whether there were existing hormonalametabolic anomalies which may have in¯u-enced the exercise response. To this end, we believe group differences in circulating free fatty acid and growth hormone during exercise were truly re¯ective of an exercise response since no group differences were noted at rest. On the other hand, resting metabolic rate measurements indicated that the O women in the present investigation may not have been typical of those previously studied 4, 5 since their levels of resting fat oxidation were not elevated compared to those of the NO and PO groups. However, it needs to be recognized that the intermittent measurements made while sitting on, but not pedaling the bike, were certainly less than optimal for estimating resting energy expenditure and substrate oxidation. Further, all of the subjects were tested in a post-absorptive as opposed to an overnight fasted condition.
Conclusions
While exercise induced fat oxidation was similar in NO, O, and PO groups, sedentary PO women exhibited high levels of circulating free fatty acid and growth hormone during the exercise. Enhanced fatty acid availability during acute exercise in the PO state may be related to decreased utilization of plasma free fatty acids, enhanced fat mobilization, or both. Regardless, fat oxidation suf®ciently increases in O and PO women during exercise pointing to the usefulness of exercise in the management of obesity. It remains to be determined whether regular exercise, performed in the PO andaor O state, lessens potential disparities between plasma fatty acid availability and oxidation, and if so, contributes to better maintenance of weight loss.
